INTRODUCTION
============

Acute appendicitis is one of the most common causes of surgical abdomen in children, accounting for more than 20% of visits to the Emergency Department for abdominal pain. Perforated appendicitis is most common in younger children, with incidence rates as high as 66% in those under the age of 5 years \[[@B1]\]. Perforation is commonly associated with abscess formation before and after appendectomy. Perforated appendicitis may be treated with antibiotics alone, without the need for percutaneous drainage \[[@B2],[@B3]\]. In a prospective randomized trial, St. Peter et al. \[[@B4]\] found that there is no advantage to the irrigation of the peritoneal cavity compared with suction alone during laparoscopic appendectomy in children.

Similarly, the use of drains in abdominal surgery remains a controversial subject. Indications for abdominal drainage after appendectomy for perforated appendicitis may include the presence of necrotic or infected tissue, doubtful hemostasis, and insecure closure of the stump. However, various authors have presented uncertainties regarding peritoneal drains \[[@B5],[@B6]\]. The majority of reports evaluating the effects of peritoneal drainage conclude that abandoning the drains resulted in a decrease in both wound infections and intra-abdominal abscesses. Prophylactic drainage requires caution because drains seem to cause more problems than they prevent \[[@B7]\].

The diagnosis-related groups (DRG) system has recently been incorporated in South Korea for certain diseases, including appendicitis, for which a cost-effective treatment guideline can be useful. However, definitive evidence is lacking for the development of such guidelines. \"Standardized\" clinical practice protocols that have been reported in the past certainly seem to be outdated \[[@B8],[@B9]\], and a new evidence-based guideline is required. Traditional concepts, unsupported by scientific data, have determined the use of surgical drainage. A survey of pediatric surgeons in North America revealed that 51% of surgeons still use peritoneal drains during appendectomy if an abscess is found \[[@B10]\]. In this study, we assessed the value of peritoneal drain insertion after appendectomy in children.

METHODS
=======

A retrospective review was conducted at Seoul National University Bundang Hospital, a tertiary medical center and the leading referral hospital in the southeast of Seoul, South Korea. All the children under 18 years old who were diagnosed with acute appendicitis and underwent appendectomy between March 2003 and September 2012 were included in this study. Electronic medical records were reviewed for each patient. The following data were gathered: demographics, initial physical findings, and laboratory and radiological results. The diagnostic imaging methods included either ultrasonography or computed tomography. The Alvarado score \[[@B11]\] was calculated for all the patients. The type of operation, the findings of the appendix during the operation, the pathology report, and the postoperative outcomes, including the duration of use of antibiotics, the length of hospital stay, and complications, were also recorded.

The appendectomies were performed by on-duty surgeons in the department of general surgery. Inclusion criteria included either an open appendectomy or laparoscopic appendectomy. A normal saline irrigation of the peritoneal cavity was performed at the will of the surgeon. In the cases of perforated appendicitis, however, all the surgeons performed a peritoneal irrigation with normal saline. Only closed-suction drains (Jackson-Pratt, JP) were inserted according to the surgeon\'s judgment. Perioperative intravenous antibiotics were used in all cases. Oral antibiotics were sometimes administered, depending on the patient\'s condition at discharge.

The appendix was classified postoperatively into 1 of 5 categories after pathological confirmation: normal, hyperemic, suppurative, gangrenous, or perforated. Surgical complications other than abscess formation, including wound infection and small bowel obstruction, were also identified. Postoperative abscess was diagnosed through imaging studies, such as computed tomography or ultrasound, performed by radiologists. Small bowel obstruction was clinically identified in patients with bowel distension with no movement and no bowel sound for more than 3 days after surgery, and in those that showed air-fluid levels in abdominal x-rays.

The children who were diagnosed with perforated appendicitis during the pathological analysis were grouped into 2 groups according to whether a JP drain was inserted during surgery. Both groups were then compared regarding the preoperative features and postoperative outcomes, including complications. All other pathological categories, including gangrenous appendicitis, were excluded from analysis.

All the data were collected by a single individual who had no role in clinical care. The continuous data were compared using an independent sample, 2-tailed Student t-test. The nominal data were analyzed with the chi-square test or Fisher exact test. A P-value \< 0.05 defined statistical significance. PASW Statistics ver. 18 (SPSS, Inc., Chicago, IL, USA) was used for all the statistical analyses.

RESULTS
=======

Between March 2003 and September 2012, 342 children were treated for perforated appendicitis. The mean patient age was 10.6 ± 4.1 years (range, 1 to 18 years); 201 (58.8%) were male, and 141 were female. Patients who presented with abdominal pain accounted for 92.4% of the sample (316 of 333) and had a mean onset time of 1.2 ± 1.4 days (range, 0 to 9 days). At the initial visit, the patients\' mean temperature was 37.4℃ (range, 36℃ to 41℃), and the mean white blood cell count was 16,080 ± 5,070/mm^3^ with segmented neutrophils accounting for 82.3%. One hundred sixty-one patients (47.1%) underwent laparoscopic appendectomy. JP drains were placed in 108 cases (31.6%) and were removed an average of 7.1 ± 9.7) days after surgery. Postoperative complications included intra-abdominal abscess formation (n = 13, 3.8%), wound infection (n = 15, 4.4%), small bowel obstruction (n = 11, 3.2%), and pneumonia (n = 1, 0.3%). The mean length of hospitalization was 4.7 ± 3.0 days.

There were no statistically significant differences in gender, body mass index or Alvarado score between the patients with JP drains and those without ([Table 1](#T1){ref-type="table"}). The type of surgery (laparoscopic or not) did not differ between the groups. The patients with JP drains had longer hospital stays and higher complication rates, including the formation of postoperative abscesses, compared with the patients with no drains. Regarding each type of complication, the rates of intraabdominal abscess formation and small bowel obstruction were significantly higher in the JP group. There were no significant differences between the groups concerning wound infection or pneumonia ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

Appendicitis is a very common cause for surgery in children \[[@B3]\]. However, the signs and symptoms vary considerably, and the management of appendicitis and its complications has not yet been standardized. As mentioned above, saline irrigation is not beneficial to patients with perforated appendicitis, although there have been debates on this subject \[[@B4]\]. Nonetheless, few studies have examined peritoneal drain insertion after appendectomy in children with perforated appendicitis, including a large number of patients.

Intra-abdominal abscess is one of the major postoperative complications in children undergoing appendectomy. The usual incidence of postoperative abscess formation in children with acute appendicitis is 0% to 2.2% \[[@B12],[@B13],[@B14]\]. When confined to perforated appendicitis, the rate of abscess formation is higher. Intraabdominal abscess was reported to occur at the rate of 1.3% to 12.8% in patients who had a drain inserted and at the rate of 1.7% to 8% in those without drains \[[@B5]\]. In our study, the abscess rate was 7.4% for the JP group and 2.1% for the non-JP group (P = 0.023). Although there were no statistically significant differences in the development of a postoperative abscess and wound infection between the groups, one group underwent both irrigation and drainage, while the other group received neither irrigation nor drainage. Akkoyun and Tuna \[[@B5]\] reported that the incidence of postoperative abscess was lower in the nondrainage, nonirrigation group. They suggested that keeping the drain tube in the peritoneal cavity increased discharge, as well as cause foreign body reactions and tract infections. Moreover, the drain would not be able to cover the entire peritoneal cavity because the tip is localized in the pelvis. Additionally, communication between the peritoneal cavity and the extraperitoneal environment can impair the natural immune defense mechanism \[[@B6],[@B15]\].

Small bowel obstruction is another serious complication that can occur after appendectomy for perforated appendicitis. Although it is rarely addressed in the literature, the rates of prolonged ileus have been reported to be 1.5% to 14.2% in some studies \[[@B5]\]. In this study, 6.5% of the patients in the JP group developed small bowel obstruction compared with 1.7% of the patients in the non-JP group (P = 0.027). Similar to postoperative abscess formation, foreign-body reactions and inflammation could aggravate bowel movement and lead to the symptoms of small bowel obstruction.

Regarding wound infection, the rate was 7.4% in the patients with drainage and 3.0% in the cases in which no drains were inserted. This difference was only a trend and was not statistically significant (P = 0.062).

In this study, there was a statistically significant difference in the duration of the use of antibiotics between the two groups. However, the Pearson correlation coefficient was 1.0 between hospital stay and the duration of treatment with intravenous antibiotics. In fact, the duration of these 2 factors was in complete accord. In cases of the use of antibiotics, these results were expected because all surgeons use antibiotics for acute appendicitis, and most surgeons predetermine the duration of postoperative intravenous antibiotics \[[@B10]\]. The prolonged use of antibiotics in patients with complications such as intraabdominal abscess formation and wound infection indicates that antibiotics have no preventative effects against such complications. As Memon et al. \[[@B7]\] state in their report, \"drains are not a substitute for meticulous surgical technique\".

Our study addresses the efficacy of drain placement by comparing the length of hospital stay between patients who had a JP drain placed and those who did not. Although hospital stay is not a direct measure of recovery, the length of hospital stay can correlate with recovery time because patients must meet certain clinical criteria before discharge. We found that the children in the JP group needed 2 additional hospital days for recovery compared with the children in the non-JP group. (6.38 ± 3.59 vs. 3.87 ± 2.38, P \< 0.001). Some of the obvious advantages to a shorter postoperative hospital stay include reduced in-hospital costs, fewer hospital-acquired infections, more available beds for other patients, and the conservation of hospital resources \[[@B16]\].

The limitations of this study include its retrospective design and the absence of randomization between patient cohorts. It is also likely that drains were inserted in the most severe cases, based on the discretion of the surgeon on-duty. We intended to minimize differences between the JP group and the non-JP group by including only pathologically perforated patients, and as can be seen in [Table 1](#T1){ref-type="table"}, preoperative features do not differ between both groups. Nevertheless, our study provides the beginnings of a framework to examine the value of drain insertion after appendectomy for perforated appendicitis. In the near future, we expect to perform a prospective randomized controlled trial comparing the use and abandonment of postoperative drains after appendectomy to inform an evidencebased practice. We hope that this cost-effective treatment guideline will be useful in treating children with perforated appendicitis under the DRG system.
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###### Patient demographics
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Values are presented as mean±standard deviation or number (%). JP, Jackson-Pratt.

###### Postoperative data
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Values are presented as number (%) or mean ± standard deviation. JP, Jackson-Pratt; IV, intravenous.

^a,b)^The Pearson correlation coefficient between these 2 factors was 1.0 (P \< 0.001).
